The Geiger is a proportional counter that detects the ambient ionizing radiation using a sensor tube and an associated electronics that allows feeding the desired voltage to the tube and acquiring the data in a certain time interval. With a sensor tube of Chinese and Russian origin and associated electronics based on the Arduino system, an experimental set of very low cost and easy handling for the monitoring of the local environmental ionizing radiation was set up. The main objective of this work is to disseminate this very low cost technique for the environmental study in secondary schools in Brazil.
Introduction


The low energy ionizing radiation (α, β, X and gamma rays) in local environment depends on the presence of radionuclides and radon gas in the region. The local geological formation, the primary and secondary cosmic radiation and human activities improve these radiations in the environment. These radiations with enough energy (E > 12 eV) can ionize an atom. The ionizing radiations have one "background" or background radiation in a particular region that is the sum of these components. The geological origin radiation is largely the result of the decay of radioactive isotopes potassium ( 40 K), uranium ( 238 U) and thorium ( 232 Th) decay series [1] . The radioactive decay, the cores can emit alpha radiation, beta, gamma or X-rays. Moreover, they are formed natural radioactive isotopes belonging to each decay series mentioned. formed by the decay of uranium and thorium. In turn, the radioactive decay of radon produces 218 Po, 214 Pb and 214 Bi, and these isotopes can be observed in the air near the ground by the presence of alpha particles, X and gamma. An important fact related to radon is that during rain, the concentration close to the ground may increase due to transportation of this gas by rain droplets [5, 6] . The radiation from the cosmic component (primary and secondary) produced in the lower atmosphere varies little over time. However, it varies greatly with latitude and height above the Earth's surface [7] . This cosmic radiation produces "extensive showers" composed of particles and energy photons that reach the Earth's surface. Artificial ionizing radiations are those produced by humans in a variety of activities such as medicine, dentistry and research in the industry. However, the sources of radiation are, in principle, confined and under control at a specific location [8, 9] .
Material and Methods
The basic part of the detector is a Geiger built in the laboratory of Atmospheric and Solar Physics Moscow (Dolgaproudny), Russia. It was used tube CTC-6 of 16 cm long by 2 cm in diameter with 3 atmospheres of internal pressure and subjected to a voltage of 500
Study of a Portable Experimental Set for the Monitoring of Ionizing Radiation in the Tropical Region of Brazil
145
VDC (Voltage Direct Current). The same Chinese tube J305 from RadiationD-v1.1 (CAJOE Electronics Co., Ltd.) in China of 8 cm long to 1.3 cm of diameter with 5 atmospheres internal pressure and with 400-500 VDC (Fig. 1) . The electronics associated with the sensor tubes consist of a power supply from 5 VDC to 500 VDC with enough voltage stability. This source is intended to power the Geiger tubes with exactly the same 500 VDC voltage. Another important segment of the circuit is to transform the analog signals from the Geiger sensor into digital signals to acquire these signals as a function of time with minimum accuracy of seconds. In this work, the minimum time of 1 minute was chosen to carry out the time series related to the monitoring of the local ionizing radiation. In Fig. 2 , a block diagram of the feed and acquisition circuit used in this experiment is described.
System 1 and System 2
In relation to system 1, a 5 V voltage is supplied via a USB/Serial cable and the code upload for Arduino board (Model UNO R3) by the computer. Arduino board provides a 5 V ddp (5 V and 0 V GND Pins) to the radiation detection system. The detection system feeds the Russian tube with a voltage ranging from 0 to 600 V (nominal values). The Russian tube, when it detects radiations, gamma or beta, emits pulses for the radiation detection system which then sends them to the arduino (digital pin 2) converting them into digital data. These are sent and stored on the PC. The same process occurs with System 2, but unlike System 1, the Chinese Geiger J3058 is one of the components that make up the radiation detection system.
Results
The measurements were carried out in a closed room with air conditioning in 20 o C in the Laboratory that the Chin nce than Rus ler in sensitiv mparing the w y Russians is e entrances own in Fig. 4 
Conclusion
Thinking about the teaching and ionizing radiation (environmental) in the Brazilian tropical region and secondary school education, two Geiger Sensors with Sensitive Tubes manufactured in Russia and China were developed. The associated electronics based on the Arduino system, presents very low cost, easy operation with data acquisition and can vary from seconds to hours of interval of measurements. Analog signals from digital-switched detectors are recorded and saved in easy-to-use graphical (txt) files by secondary students. It was shown to be very sensitive and proven good functionality during the period from March 15 to April 6, 2017. It was observed during this period the variation (night/day) produced in the place by the exhalation of radon gas (Rn-222). This gas through decay produces gamma rays and alpha particles responsible for the observed variation (day/night) and during rains. It lends itself to secondary education and in the first two years of the Brazilian universities as suggested experiments of laboratory of exact sciences and of the Earth, given the low cost and very simple operation.
